Background: Diabetic patients on peritoneal dialysis (PD) have lower survival and are more likely complicated with inflammation than their non-diabetic counterparts. Here, we explored the interaction effects between diabetes and inflammation on the survival of PD patients.
Introduction
With the rapid growth of the peritoneal dialysis (PD) population worldwide [1] , PD outcomes have improved, and this is reflected in the US Renal Data System (USRDS) 2012 Annual Data Report [2] and the Canadian Organ Replacement Register [3] . However, the rate of survival of diabetic PD patients is still much worse than that of their non-diabetic counterparts [4] and the 5-year survival rate of diabetic PD patients is only 32% versus 50% for non-diabetic PD patients from USRDS data, or 30% versus 60% from ERA-EDTA Registry [2, 5] . More recently, two studies reported concordant findings, stating that diabetic patients could obtain better outcomes from hemodialysis (HD) than from PD [3] . Taken together, these data raised the question of whether PD is still an appropriate modality for patients with diabetes.
Before the above question is answered, we need to explore if diabetics, as a whole, or just subgroups of them with specific characteristics have poorer outcomes than non-diabetic PD patients, which is very important for us to choose appropriate dialysis modality for diabetics. Unfortunately, few data has been published on this issue. All studies on the comparison of mortality between diabetic and non-diabetic PD patients consider all diabetic participants as a whole [6, 7, 8] . Of note, diabetes-associated endothelial dysfunction and inflammation explained approximately 43% of the increase in CV mortality risk conferred by diabetes [9] . Inflammation was such a significant predictor of all-cause death and fetal or non-fetal cardiovascular events for PD patients [10, 11, 12 ] Therefore, we hypothesized that the association of diabetic status and poor outcome varied by the degree of inflammtion. We aimed to verify this in a multi-center retrospective PD cohort by determining the interaction effect between diabetes and inflammation on PD outcomes. Inflammation here was indicated by commonly-recognized markers, including highsensitive C-reactive protein (hsCRP) and serum albumin (SA) [13, 14, 15] . This study also may contribute to the screening of a high-risk subgroup of the PD population and individually tailor therapeutic strategies for PD patients with diabetes.
Methods

Ethics Statement
The ethics committee of Peking University First Hospital, China approved this study. Written consent was given by the patients for their information to be stored in the hospital database and used for research.
Participants
This was an add-on multi-center retrospective cohort study of the SSOP (Socioeconomic Status and Outcome In Patients On PD) [16] . The details of center enrollment and subject selection were described in our previous report [16] . In brief, seven PD centers with professional PD doctors and nurses and welldeveloped databases maintained for at least 3 years were enrolled. These centers were located in five different provinces and four geographical regions (north, northeast, northwest, and east) of China. All incident patients began the PD program within 1 month after catheter implantations were enrolled in this study. All patients in this study were given lactate-buffered glucose dialysate with a twin-bag connection system (Baxter Healthcare, Guangzhou, China). Patients were followed up to death, transferring to HD, transplantation, or end of study period (August 1st, 2011).
Clinical and demographic measures
Data regarding age, gender, primary renal disease, history of cardiovascular disease (CVD), and the presence of DM were collected at the baseline. DM was defined as a previous diagnosis of DM at a tertiary care hospital, or intake of insulin or anti-diabetic medication at the initiation of PD therapy. CVD was recorded if one of the following conditions was present: angina, class III/IV congestive heart failure (New York Heart Association), transient ischemic attack, history of myocardial infarction or cerebrovascular accident, or peripheral arterial disease [17] . Weight and height were taken and recorded when patients came back to PD centre for their first time of follow-up (generally after 2 to 4 weeks of PD therapy). The body-mass index (BMI) is calculated by dividing weight (in kg) by the square of height (in meters). Systolic and diastolic blood pressure (SBP and DBP), and baseline biochemistry data, including hemoglobin, triglyceride (TG), total cholesterol (TCHO), serum calcium, phosphorus, intact parathyroid hormone (iPTH), SA and hsCRP, were calculated as the mean of measurements obtained during the first 3 months. If patients dropped off PD within 3 months, their baseline biochemistry data were calculated as the mean of all measurements obtained during the PD therapy. The SBP and DBP was measured according to the guidelines presented in the Seventh Report of the Joint National Committee on the Prevention, Detection, Evaluation and Treatment of High Blood Pressure [18] . Biochemistry profile was examined using an automatic Hitachi chemistry analyzer and albumin level was determined by the bromcresol green method. For patients with hypoalbuminemia, corrected serum calcium was calculated using the following formula: measured total serum calcium (mmol/L) + 0.02 × (40 -serum albumin [g/L]). Dialysis adequacy and residual renal function (RRF) were measured during the first 6 months. RRF was defined as the mean of residual creatinine clearance and residual urea clearance. Dialysis adequacy was determined from the total Kt/V and total creatinine clearance. The current size of each center was also recorded.
Patients were followed-up until November 1 st , 2011. The causes for death and cardiovascular events were determined by clinicians based on clinical presentations and examinations for in-hospital cases, or by interviews with family members for at-home cases. The cardiovascular events included electrocardiographically documented angina, myocardial infarction, heart failure, electrocardiographically documented arrhythmia, transient ischemic attacks, strokes, other thrombotic events or peripheral vascular disease [19] . Sudden death was defined as unexpected natural death within 1 hour of symptom onset and without a prior condition that would appear fatal [20] . In all analyses, we censored follow-up at the transfer to HD, loss to follow-up, renal transplantation or the end of the study.
Statistical analysis
Continuous data were presented as means with standard deviation except for RRF and hsCRP, which were presented as the median (interquartile range [IQR]) because of high skew. Categorical variables were presented as proportions. Relevant characteristics were compared between diabetics and nondiabetics. Patient data were compared using the t-test or the analysis of variance F-test for normally distributed continuous variables, and the chi-square test for categorical variables or the Mann-Whitney U test for skewed continuous variables.
The main goal of this study is to determine whether the effect of DM on PD outcome differs depending on the level of inflammation. So, stratified Cox regression models, with center size as the stratified factor [21] and main effects and interaction effects of DM and inflammation as covariables, were constructed first. Then, PD patients were divided into two groups according to their baseline level of inflammation, which were assessed from hsCRP (cutoff point, 3 mg/L) or baseline SA (cutoff point, 38 g/L, referred as an indicator of protein energy wasting [22] ), respectively. Several stratified multivariable Cox regression models were constructed separately in subjects with and without inflammtion, with allcause or cardiovascular death as the outcome, and center size as the stratified factor. Covariables included into these models were the combination of DM, age, gender, and some wellrecognized risk factors indicated in former studies by us and others, including BMI, hemoglobin, residual renal function, and CVD history.
We reported the multivariable adjusted hazard ratios (HRs) with 95% confidence interval (CI). All probabilities were twotailed, and the level of significance was set at 0.05. Statistical analyses were performed using SPSS for Windows software version 13.0 (SPSS Inc., Chicago, IL).
Results
Baseline characteristics
Data from 2264 patients were collected. Their demographic details were as follows: mean age, 58.1 ± 15.5 years; BMI, 22.9 ± 3.6 kg/m 2 ; hemoglobin, 103.3 ± 19.4 g/L; hsCRP, 3.0 mg/L (IQR of 1.0-7.3 mg/L); and SA, 35.4 ± 5.4 g/L. Of these patients, 49.3% were men, 37.3% were diabetics, and 40% had CVD at the baseline.
Compared to non-diabetics, diabetics were older (P < 0.001) and more likely to be male (P = 0.02). They also had higher BMI values and a higher prevalence of CVD (P < 0.001 for both). Diabetics were prone to a significantly more severe extent of inflammation, as reflected in their lower SA (34.1 ± 5.2 vs. 36.3 ± 5.3 g/L, P < 0.001), higher hsCRP (3.1 vs. 2.8 mg/L, P = 0.001), and higher prevalence of abnormal hsCRP (52.7% vs. 47.3%, P = 0.03) or SA (77.9% vs. 62.7%, P < 0.001). In addition, patients with diabetes had significantly higher SBP and DBP values, higher serum TG and TCHO, higher serum calcium, lower serum phosphorus and iPTH, and a higher RRF and total creatinine clearance rate than nondiabetics (P = 0.001~0.01, Table 1 ).
All-cause death and cardiovascular death
During the median follow-up time of 26.7 (13.6-44.1) months, 613 patients died. CVD death (38.3%) was a major cause in the entire group, followed by infection (24.5%), malignancy, gastrointestinal bleeding and malnutrition. Malignancy contributed more to deaths among non-diabetics (15.6% vs. 7.2%) than among diabetics. The leading four causes of CVD death in both groups were myocardial infarction, congestive heart failure, cerebral bleeding, and cerebral infarction. The distribution of causes for CVD death was not significantly different between diabetics and nondiabetics (P = 0.12-0.89, Table 2 ).
Effect of DM on the survival of patients on peritoneal dialysis with or without inflammation
One-, 2-, and 5-year survival rates were 85%, 78% and 61% in non-diabetics and 75%, 63% and 45% in diabetics, respectively. Stratified Cox regression analysis showed that DM and inflammation (as assessed from hsCRP and SA) were both independent predictors of all-cause or cardiovascular death (table 3) . Every 10 mg/L increase of hsCRP was associated with 6.2% or 6.5% higher risk of all-cause or cardiovascular death, and every 1 g/L increase of SA was associated with 11.3% or 11.5% lower risk of all-cause or cardiovascular death. In addition, there was significant interaction effect between DM and inflammation on all-cause or cardiovascular death (table 3) .
After stratification by center size and controlling for confounding factors including age, gender, BMI, hemoglobin, RRF, and CVD history, the presence of DM could predict allcause death in patients with hsCRP >3 mg/L (adjusted HR, 1.81; 95% CI, 1.34-2.45; P<0.001) but not in patients with hsCRP ≤3 mg/L (adjusted HR, 1.35; 95% CI, 0.95-1.91; P=0.094). DM also predicted cardiovascular death in patients with hsCRP >3 mg/L (adjusted HR, 1.83; 95% CI, 1.10-3.04; P=0.02) but not in patients with hsCRP ≤3 mg/L (adjusted HR, 1.20; 95% CI, 0.68-2.12; P=0.524, Table 4 ).
Similarly, DM was an independent predictor of all-cause death in patients with SA <38 g/L but not in patients with SA ≥38 g/L. Regard to cardiovascular death, the estimated HR of DM was noticeably greater than one in patients with SA <38 g/L (P=0.088) but this did not meet the pre-defined threshold for significance (table 5 ). In addition, age, hemoglobin, RRF, and CVD history were also demonstrated to be independent predictors of all-cause or cardiovascular death (table 4 and  table 5 ).
Discussion
DM is gradually becoming the leading cause of end-stage renal disease in developed and undeveloped countries [2, 4, 5] , and investigations into the most appropriate choice of dialysis modality for this population are urgently required. PD therapy has many potential advantages for diabetics, such as the lack of requirement for a vascular access and systemic anticoagulation, better preservation of renal function, and few episodes of hypotension [23] . Despite these advantages of PD for this group, only a small and decreasing proportion of diabetics with high mortality receive PD [24] compared to their non-diabetic counterparts [2, 4, 5, 6, 25] . From these large-scale multicenter Chinese patients on PD, we found that the trend of worse outcome for diabetic PD patients was partly due to coexisting inflammation, even after adjustment for potential confounding factors. For those diabetic PD patients without inflammation, DM was not a risk factor for all-cause death or cardiovascular death.
There are several possible explanations for our results. First, the critical role of inflammation might be due to its relationship with cardiovascular lesions [26] and a higher risk for cardiovascular death in patients with chronic kidney disease [10, 11] . Our findings were consistent with that of a previous Inflammation and Outcome of Diabetic PD Patients PLOS ONE | www.plosone.orgstudy showing that the survival rate of diabetics did not differ from that of non-diabetics if CVD and protein energy wasting were absent [27] . It is worth noting that the predict role of DM was possibly underestimated to some extent, because CVD history was included in the COX model and that some of the effect upon mortality of DM is likely through this. Second, inflammation was revealed to be closely associated with malnutrition [28] , worse glycemic control [29] , increased blood pressure [30] and volume overload [31] . All the above factors play great roles in the development and progression of comorbidities such as CVD and infection in patients on PD [32] . Therefore, it is not surprising that inflammation can dramatically amplify the difference in survival rates of diabetic and nondiabetic PD patients. Third, both DM [33] and inflammation [11] have been associated with faster decline of RRF in PD patients, therefore we could not preclude that the rapid loss of RRF in diabetics with inflammation might contribute to a higher all-cause mortality. The same phenomenon was observed in a previous study [34] . Of note, some of the differences between diabetics and nondiabetics are extremely small but statistically significant because of the size of the study (and hence significant power). In addition, although DM had no significant influence on death in non-inflamed patients, the estimated hazards ratio are still noticeably above 1 (adjusted HR for all-cause death of diabetes is 1.35 in non-inflamed patients). This study had enough sample size (over 2,200 patients) and events (totally 613 death but only 7 covariates contained in the Cox model), thus it was less possible that the lack of formal statistical significance was due to lack of power [35] . We speculated that although inflammation could explain a large proportion of effect of diabetes on PD outcome, other factors such as fluid overload, malnutrition, severity of baseline CVD, comorbidities other than DM and CVD, glycemic control status, and so on may also play some role. Constructing a model with all these related factors possibly could help us obtain more in-depth understanding of the association between diabetes and outcome. However, these factors were difficult to be collected in a multicentre retrospective study. An interesting finding from this large-scale multicenter PD cohort was the significant influence of inflammation on mortality predictability in diabetic PD patients. Our findings provided valuable information about the underlying reasons for worse outcome in diabetic PD patients, and thus help nephrologists and PD clinicians in the selection of dialysis modality selection. Previous studies [3636, 37, 38, 39] have shown that endothelial dysfunction, insulin resistance, reduced RRF and innate defenses, and even cognitive dysfunction can be improved in diabetic patients via the resolution of inflammation. Therefore, for diabetic PD patients with severe inflammation, interventional strategies are needed in order to improve their CVD outcomes and survival rate.
This study had certain limitations. Firstly, some CVD-related factors, such as oxidative stress, endothelial function, elasticity of peripheral vessels and atherosclerotic plaque could not be examined in this study. In addition, extra blood samples were only stored for participants from Peking university first hospital. Due to budget limitation, more characterized inflammatory marker such as IL-6 had not been measured. Secondly, we should be aware of the possibility of selection bias (only those centres with sufficiently well maintained database were included), vintage bias (duration of DM) and residual confounding factors (severity of baseline CVD, comorbidities other than DM and CVD, glycemic control, etc.) in this retrospective study. Thirdly, only the mean value of measurements obtained during the first 3 months was assessed, the longitudinal change in hsCRP or SA levels was not. However, repeat measurements for inflammatory markers are often impractical, especially in this retrospective multicenter cohort with over 2,000 participants. Forth, as a retrospective observational study, there can be no proof of causality.
In conclusion, our findings support the hypothesis that DM is an independent predictor of mortality in PD patients with greater levels of inflammation. For those without inflammation, diabetic patients could do as well as non-diabetic patients on peritoneal dialysis. Active anti-inflammatory strategies should be employed for PD patients, especially for diabetic PD patients, to improve their outcomes.
